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1. 无瓣海桑不同组分（叶片、树皮、根、果）总酚含量在 127.73 ± 3.80～
359.54 ± 63.28 mg·g-1 之间，其中树皮的总酚含量 高，而花的含量 低，叶的总
酚含量也较高，在不同发育阶段叶片中差异不显著。可溶性缩合单宁在花中的含
量也 低（17.56 ± 2.61 mg·g-1），但在果和树皮中 高（276.48 ± 9.62 mg·g-1和
254.71 ± 5.62 mg·g-1）。蛋白质结合能力在叶片和果较高，而在根中 低。 




总酚含量季节变化规律相似，均是春季总酚含量 高，秋季 低。 
无瓣海桑成熟叶和衰老叶的可溶性缩合单宁含量在各季节变化规律一致：衰
老叶 > 成熟叶。衰老叶的可溶性缩合单宁含量在秋季 高为 288.95 ± 1.61 
mg·g-1；春季 低 133.76 ± 14.48 mg·g-1。 
无瓣海桑成熟叶和衰老叶的蛋白质结合能力的季节变化规律为冬季和夏季
较高，秋季和春季较低。 
4. 无瓣海桑完好叶片中的氮、磷含量均表现为成熟叶 > 老叶，并且氮含量
与磷含量具有相似的季节动态，其中成熟叶和衰老叶氮含量秋季 高，分别为
14.79 ± 0.50 mg·g-1和 6.02 ± 0.13 mg·g-1；磷 高值也出现在秋季，分别为 1.26 ± 
0.03 mg·g-1 和 0.68 ± 0.02 mg·g-1；而氮磷含量 低值均出现在春季，成熟叶和衰
老叶中氮分别为 9.28 ± 0.46 mg·g-1 和 2.82 ± 0.63 mg·g-1，磷分别为 0.95 ± 0.05 

















无瓣海桑成熟叶在各季节的氮磷比（N: P）介于 8～13 之间，均小于 14，表
明无瓣海桑群落存在一定程度的氮限制。各季节氮内吸收率（45%～80%）均高
于磷内吸收率（40%～50%），表明氮限制促进了无瓣海桑对氮的内吸收。     
5.在地表叶片分解过程中，无瓣海桑落叶总酚含量由 222.42 ± 17.06 mg·g-1
降至 26.46 ± 5.41 mg·g-1,氮含量由 3.18 ± 0.49 mg·g-1 升至 10.83 ± 1.69 mg·g-1；总






























Tannins known as the group of phenolic compounds are the significant plant 
secondary metabolites. The reactivity of condensed tannin with proteins and 
formation of complexes has important nutritional and physiological consequences. 
Nutrient availability, especially N and P, is an important factor responsible for 
vegetation growth. Sonneratia apetala is an alien mangrove species. It has been 
widely planted in tropical and subtropical coastlines of China. In the present study, the 
Sonneratia apetala community at Gaoqiao of Zhangjiang City, Guangdong was 
selected, tannins levels in different components of S. apetala were determined, 
chemical structure of purified tannins from mature leaves was analyzed by 
MALDI-TOF MS; in addition, seasonal dynamics of tannins and nutrient 
concentrations of S. apetala leaves were also studied. The results showed as follows: 
1. Total phenolics contents in the different components of S. apetala varied from 
127.73 ± 3.80 mg.g-1 to 359.54 ± 63.28 mg.g-1, with the lowest of flowers and the 
highest in bark; no significant difference was found at the developmental stages of 
leaves. The extractable condensed tannin content was the lowest for flowers (7.56 ± 
2.61 mg·g-1), and the highest for fruits (276.48 ± 9.62 mg·g-1) and barks (254.71 ± 
5.62 mg·g-1). The protein precipitation capacity was the highest in leaves and fruits, 
and the lowest in roots. 
2. The purified tannins from mature leaves of S. apetala were characterized by 
MALDI–TOF MS. The result revealed that they were hydrolysable tannins. Galloyl 
group and glucose group was the basic unit occurring in the hydrolysable tannins. And 
the type of linkages between galloyl groups was through covalent bond. 
3. Total phenolics contents of mature leaves were significantly higher than those 
of senescent leaves. Total phenolics contents of mature and senescent leaves followed 
the similar seasonal pattern, namely the highest in the spring and the lowest in the 
autumn. 
The extractable condensed tannin contents increased with leaf senescence. The 















lowest (133.76 ± 14.48 mg·g-1) in the spring.  
The seasonal pattern of protein precipitation capacity in the mature and senescent 
leaves was the higher in the winter and summer, and the lower in the autumn and 
spring. 
4. As for intact leaves, mature leaves had the higher N and P concentrations than 
senescent leaves. There was the similar seasonal changes in N and P concentrations, 
The highest N concentrations of mature and senescent leaves were 14.79 ± 0.50 
mg·g-1 and 6.02 ± 0.13 mg·g-1 in the autumn, and the lowest N concentrations of 
mature and senescent leaves were 9.28 ± 0.46 mg·g-1 and 2.82 ± 0.63 mg·g-1 in the 
spring; while the highest P concentrations of mature and senescent leaves were 1.26 ± 
0.03 mg·g-1 and 0.68 ± 0.02 mg·g-1 in the autumn, and the lowest P concentrations of 
mature and senescent leaves were 0.95 ± 0.05 mg·g-1 and 0.53 ± 0.03 mg·g-1 in the 
spring. 
As for leaves damaged by herbivore, the average N concentrations of mature 
leaves were significantly lower than those of mature intact leaves, but there was no 
significant difference of the N concentrations between senescent leaves.  
The N:P ratios of mature leaves ranged from 8 to 13, indicating the S. apetala 
community was N-limited. Meanwhile the nitrogen resorption efficiencies (NRE) 
(45%～80%) were higher the phosphorus resorption efficiencies (PRE) (40%～50%). 
This result demonstrated that plant species adapted to N-limited sites tend to resorb N 
more efficiently than P.  
5. The total phenolics contents and protein precipitation capacity decreased with 
leaf decomposition. However, the N concentration increased during leaf 
decomposition, showing N immobilization. A negative correlation between total 
phenolics and N concentration in S. apetala leaves at various stages of decay (Y＝
-24.7787x + 295.571, n=24, r =-0.825, P < 0.01) was observed, which is indicative of 
humification reactions. Tannin–nitrogen interactions remain a critical area to study in 
terms of early diagenesis and nitrogen immobilization. 
 






























































相比，光合作用变化不大，植物会累积较多 C、H 元素，体内 C:N 比增大，因
此，酚类、萜烯类等以 C 为基础的次生代谢物质就会增多。然而，在遮阴条件
















































不同物种的养分内吸收效率差异很大，5～80%的植物叶片 N 内吸收效率和 
0～95%的叶片 P 内吸收效率都有报道[39]。养分内吸收率的高低将影响落叶的 
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